Introduction: Human sperm freezing is very widely used for male fertility preservation. This procedure consists in adding cryoprotectants to the spermatozoa followed by cooling and storing the spermatozoa at a subzero temperature. Many standardized cryopreservation media are available on the market. However, these media differ in their chemical composition and there are no sufficient data to optimize their classification. Therefore, the aim of this study was to compare five commercially available sperm cryopreservation media, which have not been compared together, in terms of motility, morphology and DNA integrity. Materials and methods: One-hundred semen samples were obtained from 10 fertile participants and 90 infertile men. Each sample was evaluated before freezing for motility, morphology and DNA fragmentation index (DFI). Then, it was equally divided into five aliquots. Each aliquot was cryopreserved using one of the five media (A, B, C, D, and E). The same parameters were re-evaluated after the addition of the cryopreservation media in the fertile group, and after sperm thawing in fertile and infertile groups. Results: The results showed that the five selected cryopreservation media had negative effects on sperm motility and morphology per se. In the infertile group, the cryosurvival factor was significantly lower in cryomedium A when compared to the four other media (p < 0.001). In addition, a significantly higher percentage of sperm with coiled tail was detected in cryomedium E compared to cryomedium A (p < 0.05) and to cryomedium B (p < 0.001) after thawing, in the infertile group. Furthermore, the sperm DFI was significantly higher in cryomedia A (p < 0.001), B (p < 0.001), C (p < 0.01), D (p < 0.01) and E (p < 0.05) compared to that of the fresh semen derived from infertile participants. Conclusion: This study indicates that the recovery rate of competent spermatozoa, after cryopreservation, is still critical in infertile men. Therefore, frozen semen sample should be used only when necessary.
INTRODUCTION
Semen cryopreservation is the process of cooling and storing the spermatozoa at subzero temperature (Moskovtsev et al., 2012) . This technique helps patients in preserving their fertility before undergoing cytotoxic cancer treatments (Thachil et al., 1981; Sanger et al., 1992; Meirow & Schenker, 1995) , prior to genitalia surgical procedures (Anger et al., 2003) , and when they are unable to provide a fresh semen sample for assisted reproductive technology procedures (e.g. the day of intracytoplasmic sperm injection (ICSI)) (Oberoi et al., 2014) .
Despite the success of human sperm cryopreservation, this procedure still induces sperm cryoinjuries (Thomson et al., 2009a,b) . For instance, it may lead to alterations in sperm membrane integrity and fluidity (Glander & Schaller, 1999; Schuffner et al., 2001) , in the metabolic activity of sperm mitochondria (O'connell et al., 2002) , in sperm morphology (Barthelemy et al., 1990; Cross & Hanks, 1991; Donnelly, 2001; Ozkavukcu et al., 2008; G omez-Torres et al., 2017) , and in the sperm proteome and transcriptome (Valcarce et al., 2013a,b; Wang et al., 2014; Bogle et al., 2017) .
However, researchers have not reached a firm consensus regarding the impact of cryopreservation on sperm DNA integrity (Di Santo et al., 2012) . The controversy in the literature could be due to differences in sample size, semen quality, cryopreservation method and tests used to evaluate DNA integrity (Isachenko et al., 2004; Paasch et al., 2004; Valcarce et al., 2013a, b; Kumar et al., 2018) .
To optimize the outcome of sperm freezing, many different standardized cryopreservation media have been developed and are now commercially available. These media are mainly made up of glycerol, energy source, pH buffer and other compounds that might reduce the negative effects of cryopreservation on human spermatozoa (Anger et al., 2003; Thomson et al., 2009a, b) . Nevertheless, they differ in their chemical composition (Thomson et al., 2009a,b) and there are no sufficient data to optimize their classification. Particularly, several studies analysed the differential effects of many commercially available sperm cryopreservation media, containing cryoprotectants, in protecting spermatozoa during freezing. However, the results were highly controversial in the literature. This debate could be due to differences in the study population characteristics, in the type of solutions compared together, and in the parameters analysed on raw semen or on washed spermatozoa (Hallak et al., 2000; Hammadeh et al., 2001 , Nallella et al., 2004 Abush et al., 2014; Fabozzi et al., 2016) .
For these reasons, the aim of our study was to compare the protective power of five commercially available sperm cryopreservation media, which have not been compared together, using different aliquots of the same semen sample.
MATERIAL AND METHODS

Samples collection
In the present prospective cohort study, semen samples were obtained from 100 participants attending the Azoury IVF clinic at the Mount Lebanon hospital, Lebanon. 90 participants were infertile and seeking infertility treatment, and 10 participants were fertile with proven fertility. A sexual abstinence of 3-4 days was recommended. Semen was collected in the laboratory by masturbation into a sterile, clean and non-toxic container. After liquefaction, a fraction of the sample was selected for semen analysis according to the recommendation of the World Health Organization guidelines 2010 (WHO 2010) ; all the semen samples with a sperm concentration less than 14 9 10 6 /ml and/or a semen volume less than 1.4 ml were excluded from the study. In addition, a second fraction was assigned for sperm DNA integrity assessment. The remaining portion was equally divided into five aliquots, and each aliquot was cryopreserved with one of the five chosen cryopreservation media. In the fertile group, sperm motility, morphology and DNA integrity were assessed after adding the cryopreservation media and after sperm thawing. However, in the infertile group, these parameters were assessed after sperm thawing (Fig. 1) . The study was performed according to a protocol approved by the Ethical Committee of the Mount Lebanon Hospital. Written informed consent was obtained from each patient before enrolment.
Cryopreservation media composition and osmolality measurement
Five commercial media were selected for sperm cryopreservation based on the differences in their chemical composition. These media were as follows: cryomedium A (Sydney IVF Sperm Cryopreservation Buffer (Cook Medical, Limerick, Ireland)), cryomedium B (Sperm Freezing Medium (Origio a/s Malov, Denmark)), cryomedium C (Sperm Freezing (Life Global Group, USA)), cryomedium D (Quinn's Advantage Sperm Freeze (SAGE In-Vitro Fertilization Inc., Trumbull, CT)) and cryomedium E (Freezing Medium with TEST-yolk buffer (TYB) (Irvine Scientific, Waalwijk, The Netherlands)). The composition of each one was specified by the manufacturer and summarized in Table S1 . However, the osmolality of the media was assessed by the freezing-point depression using a cryoscopic osmometer (Osmomat 030, Gonotec, Berlin, Germany). The mean osmolality of the five different measurements was also mentioned in Table S1 .
Sperm cryopreservation and thawing
Each of the five cryopreservation media was used to cryopreserve one aliquot of each sample (n = 100), giving a total of 500 samples. Each aliquot (V = 0.25 ml) of the raw semen was diluted with its appropriate cryopreservation media according to the manufacturer's instructions, loaded into prelabelled CBS ™ straws (CBS ™ High security sperm straw 0.5 ml, Saint Ouen Sur Iton, France) and sealed with the sealer of the CBS ™ High security straws (CBS ™ High security sperm straw 0.5 ml, Saint Ouen Sur Iton, France). The 500 samples were stored in liquid nitrogen at À196°C for one month. The cooling rate and the thawing procedure were performed according to the instructions of the manufacturer of each medium. It is worth mentioning that the embryologists assessing sperm parameters post-thawing were blinded as to which cryomedium was used.
Semen analysis
Assessment of sperm motility and concentration
The sperm concentration and motility were determined according to the recommendation of the WHO 2010. 10 lL of semen was pipetted onto a glass slide and covered with a coverslip (size 22 9 22 mm). The analysis was performed at room temperature at a final magnification of 409. Percentage of spermatozoa with progressive motility, non-progressive motility and non-motile spermatozoa were assessed on 200 spermatozoa. In addition, motility recovery after thawing was evaluated by calculating the cryosurvival factor (CSF; reference value > 50) (Curry & Watson, 1994) .
CSF :
Percentage of motile spermatozoa post-thaw Percentage of motile sperm pre-freeze Â 100
Assessment of sperm morphology 10 lL of semen was placed onto a glass slide, and a second slide was used to pull the drop of semen and form a thin smear. Slides were air-dried and stained using the spermoscan staining Kit (Spermoscan, Martillac, France, Ral diagnostics). Spermatozoa morphological defects were evaluated using Kruger's strict criteria under immersion oil at a final magnification of 1009 in at least 200 spermatozoa per sample. Defects were expressed as a percentage.
Sperm chromatin dispersion test (SCD)
Assessment of sperm DNA fragmentation was performed using the sperm chromatin dispersion test (SCD) (Halosperm G2 kit, INDAS Laboratories, Madrid, Spain). Briefly, the sperm sample was diluted to a maximum concentration of 20 9 10 6 /ml in PBS. Immediately after, 50 ll of the sperm sample was transferred to the agarose screw tube (ACS) preheated at 90-100°C. Next, 8 ll of the mixture was deposited on the supercoated slide (SCS) and covered by a coverslip. The slide was placed at 4°C for 5 min to solidify. After this short incubation, the coverslip was gently removed and the slide was incubated with solution 1 (DA, denaturant agent) for 7 min. After denaturation, the slide was incubated with solution 2 (LS, lysis solution) for 20 min. Then, the slide was washed with abundant distilled water for 5 min followed by bathes of ethanol 70% and 100% for 2 min each for sequential dehydration. After drying, the slide was stained by the solution 3 (SSA, eosin Staining Solution A) for 7 min followed by the solution 4 (thiazine Staining Solution B) for 7 min. Finally, air-drying the slide was needed before counting. Observation under microscope (940) was carried out to assess DNA integrity: 300 spermatozoa were observed on each slide, and DNA fragmentation index (DFI) was then calculated using this equation:
number of spermatozoa (without or with small halo) Total count of spermatozoa Â 100
Statistical analysis
The statistical analysis was performed using Sigma Stat Version 3.5 software (Systat Software, Erkrath, Germany). Results are expressed as mean AE standard deviation (SD) for normal continuous variables, median (interquartile range) for non-normal continuous variables, and as percentage where applicable. Differences between groups were compared via Kruskal-Wallis test or ANOVA test, according to the data distribution. When p < 0.05, post hoc Dunn test or Tukey test, respectively, was used to determine which groups differed from each other.
Moreover, correlations between sperm DFI in each cryopreservation media and different sperm parameters were studied using Pearson or Spearmen correlation coefficients, according to the data distribution.
RESULTS
Characteristics of the study population
In the infertile group (n = 90), there was a statistically significant difference in the macroscopic semen appearance compared to the fertile group (n = 10) (p = 0.001) (Table 1) . However, there was no statistically significant difference in the semen volume, liquefaction time, and viscosity between the fertile and infertile groups (Table 1) . Regarding the microscopic evaluation, a significant difference was detected in sperm concentration (p = 0.22), progressive motility (p = 0.000), non-progressive motility (p = 0.001) and nonmotile spermatozoa (p = 0.004) between the fertile and infertile groups (Table 1) . Furthermore, there was no statistically significant difference in the DFI between the two groups, pinpointing a good fertility potential for both groups (DFI < 30%) (McEvoy, 2014) (Table 1) . Thus, according to the WHO 2010 and to the Kruger's strict criteria, these results indicate that the infertile group was more likely to be asthenozoospermic (WHO 2010).
Negative impacts of cryopreservation media per se on sperm motility and morphology
Cryoprotectants (CPA) and CPA carrier solutions may be classified as toxic if they affect the cell biology such as impairment of sperm motility and/or inducing DNA damage (Best, 2015) . Here, we aimed to assess the impact of the five selected cryopreservation media per se on sperm motility, morphology and DNA integrity ( Figure 1 The study design. 100 participants attending the Azoury IVF clinic were divided into two groups. One group was made up of 90 infertile participants and the other one from 10 fertile participants. Initial assessments of sperm concentration, motility, morphology, and DNA integrity were performed on the raw semen prior to any treatment. Next, each sample was divided into five aliquots and each aliquot was mixed with one type of cryopreservation media (A, B, C, D and E). The sperm motility, morphology and DNA integrity were evaluated directly after adding the cryoprotectants (CPA) and after thawing in the fertile group. However, in the infertile group, these parameters were assessed only after thawing. LN 2 : liquid nitrogen [Colour figure can be viewed at wileyonlinelibrary.com]
838 Andrology, 2018, 6, 836-845 fresh semen, a significant decrease in the progressive motility (PR) was detected in cryopreservation media A (p < 0.001), B (p < 0.001), C (p < 0.001), D (p < 0.01) and E (p < 0.05). In addition, PR was significantly lower in A compared to E (p < 0.05). Furthermore, non-progressive motility (N-PR) was significantly reduced in A (p < 0.001), B (p < 0.001), C (p < 0.001) and D (p < 0.001) compared to the fresh semen. Also, the N-PR was significantly lower in A (p < 0.01), C (p < 0.05) and D (p < 0.05) when compared to E. Consequently, a significant increase in the non-motile sperm (N-
) and E (p < 0.01) when compared to the fresh semen. Again, significantly higher levels of N-M spermatozoa were observed in A compared to E (p < 0.05).
In parallel, the percentage of spermatozoa with typical morphology was reduced in A (p < 0.01), B (p < 0.01), C (p < 0.01), D (p < 0.01) and E (p < 0.05) compared to the fresh semen. However, there was no statistically significant difference in the DNA fragmentation index (DFI) between all the analysed groups.
The sperm motility post-thawing and the cryosurvival factor were different between the studied groups The percentage (%) of sperm progressive motility, sperm nonprogressive-motility, non-motile spermatozoa, and the cryosurvival factor (CSF) were analysed to assess the differences in motility preservation, after freezing and thawing, using the five different cryopreservation media. These experiments were performed on semen from fertile and infertile participants (Table 3 and Fig. 2, respectively) .
In the fertile group, a statistically significant decrease in PR was detected in cryopreservation media A (p < 0.001), B (p < 0.001), C (p < 0.01), D (p < 0.01) and E (p < 0.001) when compared to the fresh semen. Same trend was observed in the N-PR (Table 3) . Compared to the fresh semen, a statistically significant decrease in N-PR was observed in cryomedia A (p < 0.001), B (p < 0.05), C (p < 0.001), D (p < 0.01) and E (p < 0.001) (Table 3 ). Subsequently, a significant increase in N-M was observed in A (p < 0.001), B (p < 0.001), C (p < 0.001), D (p < 0.01) and E (p < 0.001) compared to the fresh semen (Table 3) . In order to determine the survival rate after freezing in the fertile group, we calculated the cryosurvival factor (CSF) ( Table 3) . Particularly, the CSF is considered optimal if it is above 50 (Curry & Watson, 1994) . Interestingly, there was no statistically significant difference in the CSF of the five different cryopreservation media in the fertile group.
In the infertile group, there was a significant decrease in sperm motility in all the cryopreservation media used, after thawing, when compared to the fresh semen (p < 0.001) ( Fig. 2A-C) . Of particular interest, the progressive motility was significantly lower in the cryomedia A (p < 0.001), B (p < 0.05), C (p < 0.05) and D (p < 0.05) in comparison with cryomedium E (Fig. 2A) . Also, a significant difference in the PR was seen in cryomedia B (p < 0.01), C (p < 0.01), D (p < 0.01), E (p < 0.001) compared to A ( Fig. 2A) . Furthermore, the non-progressive motility was significantly lower in the cryomedium A when compared to cryomedium B (p < 0.001), cryomedium C (p < 0.001), cryomedium D (p < 0.001) and cryomedium E (p < 0.001) (Fig. 2B) . However, the percentage of non-motile spermatozoa was significantly higher in the cryomedium A compared to cryomedium B (p < 0.001), cryomedium C (p < 0.001), cryomedium D (p < 0.001) and cryomedium E (p < 0.001) (Fig. 2C) .
Regarding the CSF of the different media in the infertile group, cryomedium A presented a significantly lower CSF in comparison with B (p < 0.001), C (p < 0.001), D (p < 0.001) and E (p < 0.001).
Sperm morphology was affected by the type of cryopreservation media used
To study the possible effect of these different media on sperm morphology, general morphology and detailed morphology were analysed using Kruger's strict criteria in fertile and infertile groups. Appearance (1 = normal, 2 = abnormal).
b Viscosity (1 = normal, 2 = viscous, 3 = highly viscous). Bold = significant difference was detected. (p < 0.001). Stars denote media that are statistically different from the medium E, *(p < 0.05), **(p < 0.01), ***(p < 0.001). PR, progressive motility; N-PR, non-progressive motility; N-M, non-motile; DFI, DNA fragmentation index.
In the fertile group, there was a statistically significant reduction in the percentage of typical morphology in cryomedia A (p < 0.001), B (p < 0.001), C (p < 0.001), D (p < 0.01) and E (p < 0.05) compared to the fresh semen (Table 3) . Moreover, a significant increase in the percentage of head defects was detected in A (p < 0.01), B (p < 0.001), C (p < 0.01) and D (p < 0.01) compared to fresh semen (Table 3) . Also, compared to the cryomedium E, a significant increase in head defects was observed in A (p < 0.05), B (p < 0.05), C (p < 0.05) and D (p < 0.05) (Table 3) . Interestingly, there was no statistically significant difference in the percentage of coiled tails between the studied groups (Table 3) . (p < 0.001). Stars denote media that are statistically different from the medium E, *(p < 0.05), **(p < 0.01), ***(p < 0.001). PR, progressive motility; N-PR, non-progressive motility; N-M, non-motile; CSF, cryosurvival factor; DFI, DNA fragmentation index. 840 Andrology, 2018, 6, 836-845 Concerning the infertile group, there was a statistically significant reduction in the percentage of typical morphology in cryopreservation media A (p < 0.001), B (p < 0.001), C (p < 0.001), D (p < 0.001) and E (p < 0.01) when compared to the fresh semen (Fig. 3A) . Additionally, compared to cryomedium E, significantly lower levels of spermatozoa with typical forms were obtained with cryomedia A (p < 0.001), B (p < 0.05), C (p < 0.01) and D (p < 0.05) (Fig. 3A) .
Curiously, detailed analysis of the morphology showed that the percentages of head defects and coiled tails were significantly different among the studied groups (p < 0.001 and p < 0.001, respectively) ( Fig. 3B and C) . Strikingly, the percentage of head defects was significantly higher in cryomedia A (p < 0.001) and C (p < 0.05) when compared to fresh semen. Moreover, the percentage of head defects was significantly higher in cryomedia A (p < 0.001), B (p < 0.01), C (p < 0.001) and D (p < 0.05) compared to E (Fig. 3B) . Regarding the percentage of coiled tails, significantly higher levels of coiled tails were detected in A (p < 0.001), B (p < 0.001), C (p < 0.001), D (p < 0.001) and E (p < 0.001) compared to fresh semen (Fig. 3C) . Interestingly, a significant difference in coiled tails was detected between A and E (p < 0.05). Plus, the percentage of coiled tails was significantly higher in cryomedium E in comparison with cryomedium B (p < 0.001) (Fig. 3C) .
The DFI in the fresh semen and the type of freezing media used affect DNA integrity after thawing only in the infertile group
We assessed whether the sperm DNA integrity could be affected by the type of the added cryomedia using SCD test. In the fertile group, there was no statistically significant difference in the DFI directly after adding the five different cryopreservation media compared to the fresh semen (Table 2) . Moreover, the DFI was unchanged after thawing compared to the fresh semen (Table 3) . Also, there was no statistically significant difference in the DFI between the five cryomedia neither per se (Table 2) , nor after thawing (Table 3 ). In the infertile group, statistically significant difference was found in the DFI between the analysed groups (p < 0.001) (Fig. 3D) . Particularly, the percentage of the DFI was significantly higher in the cryomedia A (p < 0.001), B (p < 0.001), C (p < 0.01), D (p < 0.01) and E (p < 0.05) compared to that in the fresh semen (Fig. 3D) . Furthermore, a significant difference in the DFI after thawing was observed between A and E (p < 0.05). Interestingly, in all the cryopreservation media used, the percentage of spermatozoa with fragmented DNA post-thawing was found to be positively correlated with the DFI in the fresh semen, of the infertile group, pre-freezing (r = 0.83, p < 0.001) (Table S2 ). In the cryomedium A, post-thaw DFI was negatively correlated with the cryosurvival factor (r = À0.218, p = 0.039); however, it was positively correlated with the percentage of coiled tail post-thawing (r = 0.265, p = 0.011). Moreover, a significant positive correlation was identified between the DFI post-thawing and the percentage of coiled tail after thawing using the cryomedia B (r = 0.265, p = 0.012) and C (r = 0.249, p = 0.018) (Table S2 ).
DISCUSSION
The aim of the present study was to compare the performance of five commonly used sperm cryopreservation media. The comparison was carried out on several aliquots from the same semen sample, for 100 patients, giving a total of 500 samples. We found significant differences in the protective power of these freezing media in terms of motility, cryosurvival factor, morphology and DNA integrity in the infertile group.
In this report, we performed the cryopreservation on the raw unwashed semen, because it was reported that the presence of seminal plasma during the freezing process provides better outcome after thawing (Lannou, 1999; Donnelly et al., 2001; Fabozzi et al., 2016) . Despite that, the seminal fluid does not provide a full protection, and sperm cryoinjury can still occur in good and bad semen quality (Lannou, 1999; Hallak et al., 2000; Hammadeh et al., 2001) . This could explain the results of our study. Particularly, we observed a reduction in sperm motility and morphology post-thaw, in fertile and infertile groups, compared to the fresh semen. Our results are in accordance with the report of Kalthur et al. who demonstrated that frozen-thawed samples exhibited a significant decline in the progressive motility in asthenozoospermic and normozoospermic samples compared to fresh semen samples (Kalthur et al., 2011) . In parallel, Nallella et al. compared sperm morphology before and after freezing with three different cryopreservation media. The authors of this paper indicated that the percentage of spermatozoa with normal morphology was reduced after freezing-thawing in the three cryoprotectant groups compared to the pre-freezing group (Nallella et al., 2004) . Curiously, they found the same results in fertile donors and subfertile patients (Nallella et al., 2004) . Notwithstanding, there are several differences between our study and that of Nallella et al. such as the measured parameters and the types of cryopreservation media in question. Altogether, these data indicated that sperm cryopathology can still develop during freezing-thawing procedures, independently of the semen quality and the type of cryopreservation media used.
Several standardized cryopreservation media have been developed in order to optimize the outcome of the sperm freezing procedure. In fact, these commercially available media differ in their biochemical composition (Thomson et al., 2009a,b) . For instance, the five media chosen for this study presented several dissimilarities, such as differences in the concentration of the intracellular cryoprotectant (e.g. glycerol), in the type of the extracellular cryoprotectants added (e.g. only the TYB medium contained egg yolk) and in the kind of amino acids used (e.g. glutamine existed only in the medium from SAGE) ( Table S1 ). Many reports have evaluated and compared the performance of some of these media, but the results are still debated (Nallella et al., 2004; Thomson et al., 2009a,b; Abush et al., 2014; Fabozzi et al., 2016) . This could be due to a lack of similarities in the population selected, in the brand of the cryopreservation media chosen for the study, and in the presence or absence of the seminal fluid during freezing-thawing procedure. To our knowledge, this is the first report comparing these types of freezing media together, using several aliquots from the same unwashed semen sample, and by taking into consideration sperm motility, morphology and DNA integrity.
In addition to variations in the biochemical composition, the current study showed also discrepancies in the osmolalities of the five selected media (Table S1 ). It was demonstrated that the osmolality of the medium plays an important role in regulating the volume of the spermatozoa (Pereira et al., 2017) . Particularly, sperm cells have a tendency to shrink or swell when exposed to a hypo-osmotic or hyperosmotic milieu. To avoid these dramatic changes, spermatozoa contain adaptive mechanisms such as regulatory volume decrease or increase. When these mechanisms fail to maintain the cell volume, the head of spermatozoa may increase in size and the tail may undergo coiling; thus impairing sperm motility (Cooper & Yeung, 2003; Yeung et al., 2006; Pereira et al., 2017) . In the present study, the osmolalities of the solutions varied from the lowest value in the cryomedium A (Cook Medical) to the highest value in cryomedium B (Sperm Freezing Medium (Origio)). Curiously, the CSF was significantly lower in the Cook Medical in comparison with other media, only in the infertile group. In addition, the percentage of spermatozoa with head defects was significantly higher in Cook Medical compared to the fresh semen of fertile and infertile patients. Also, the percentage of spermatozoa with head defects was significantly higher in Cook Medical compared cryomedium E (TYB medium from Irvine scientific) in the fertile group, and to cryomedia B (Origio), D (SAGE) and E (TYB medium from Irvine scientific) in the infertile group. One possible explanation of these results could be the failure in sperm osmoadaptation, due to the low osmolality in this solution, which probably led to head swelling and reduced motility. This failure was exacerbated in the infertile group. This hypothesis should be confirmed by applying a more accurate scientific approach; for example, assessing the effect of different cryopreservation medium osmolalities on the sperm motility and morphology. In parallel, our finding is in line with that of Oberoi et al. who showed a 45% decrease in the mean percentage of total motile spermatozoa in Cook Medical medium post-thaw compared to that of unfrozen spermatozoa. By contrast, Oberoi et al. did not compare the performance of Cook Medical medium with other competitor brands (Oberoi et al., 2014) .
In the same context, the cryomedium E (TYB medium from Irvine scientific) had an intermediate osmolality compared to the four other media analysed. Here, we reported that the TYB medium had the lowest level of head defects compared to the other cryomedia, after thawing, in the fertile group. In addition, TYB medium conserved better the progressive motility and sperm heads compared to other media, after thawing, in the infertile group. To the best of our knowledge, this is the first study comparing TYB medium to Sydney IVF Sperm Cryopreservation Buffer (Cook Medical). In parallel, these findings are in accordance with several reports, showing that TYB medium has a superior protective power when compared to other media (Ragni et al., 1993; Hallak et al., 2000; Stanic et al., 2000; Fabozzi et al., 2016) . Of particular interest, Nallella et al. (2004) showed that post-thaw motility and CSF were higher using TYB medium (Irvine Scientific) compared to the Sperm Freezing Medium (Medicult) and Enhance Sperm Freeze (Conception Technologies). It is important to note that the sample size was small in this study (n = 10 donors and n = 10 patients), and the results had to be confirmed by a larger study. Recently, Fabozzi et al. found a significantly higher percentage of post-thaw motility and vitality in sperm cryopreserved using TYB medium (Irvine Scientific) when compared to sperm cryopreserved using Sperm Freeze (FertiPro). Strikingly, this outcome was similar in washed and unwashed semen samples (Fabozzi et al., 2016) . Interestingly, we detected a significantly higher percentage of spermatozoa with coiled tail in TYB medium compared to the Sperm Freezing Medium (Origio) and Sydney IVF Sperm Cryopreservation Buffer (Cook Medical), only in the infertile group after thawing. Tail coiling usually occurs due to osmotic challenges encountered by the spermatozoa during freezing-thawing procedure (Ozkavukcu et al., 2008) , thus indicating a possible suboptimal osmolality condition in the TYB medium. Similarly, a recent study indicated the presence of cryoinjury at tail level when the spermatozoa were exposed to TYB medium compared to the fresh semen; however, they did not perform the same analysis using another medium (G omez-Torres et al., 2017).
As sperm motility and morphology do not reflect the molecular composition of the spermatozoa (Choucair et al., 2016) , we tested the protective power of the different cryopreservation media types on the DNA. These experiments were performed directly after adding cryoprotectants and after sperm freezing/ thawing in fertile and infertile groups. Here, we demonstrated that the five different cryopreservation media had no effect on the sperm DNA integrity per se. Furthermore, DFI was not affected by sperm freezing and thawing in the fertile group. However, our results indicated a significantly higher percentage of spermatozoa with fragmented DNA post-freezing/thawing in all cryomedia compared to fresh semen of infertile participants. Furthermore, we showed that the sperm DFI in the infertile group could be affected by the type of the used cryopreservation media, after thawing. Particularly, the sperm DFI in the infertile group showed significantly higher levels in Sydney IVF Sperm Cryopreservation Buffer (Cook Medical) compared to TYB medium. Despite the published studies, there is no agreement in the literature concerning the effect of freezing media type on DNA integrity (Hammadeh et al., 2001 , Thomson et al., 2009a . Possible reasons for these contradictions could be the difference in sample size, high number of media types present on the market, different study design applied and different tests used for DNA integrity assessment. In this report, we used the sperm chromatin dispersion (SCD) test for the assessment of sperm DNA fragmentation. Its principle is that spermatozoa with fragmented DNA fail to produce the characteristic halo of dispersed DNA loops that is observed in spermatozoa with non-fragmented DNA (Fern andez et al., 2003) . Our findings are consistent with the study conducted by Hammadeh et al. reporting that TYB medium preserved the chromatin better than the human sperm preservation medium (HSPM) did (88.7% AE 11.2% vs. 85.5% AE 12.5%) (Hammadeh et al., 2001) . Furthermore, Thomson et al. found a significantly higher percentage of spermatozoa with fragmented DNA in SpermCryo medium compared to Medicult Sperm Freezing Medium. The authors of this report also found a higher percentage of spermatozoa with fragmented DNA in SpermCryo medium compared to Fertipro Sperm Freeze (Thomson et al., 2009a,b) . In parallel, Thomson et al. in 2010 indicated a significant increase in the DNA fragmentation post-thawing using Quinn's advantage Sperm Freeze medium (SAGE) compared to the unfrozen semen. However, the authors did not compare the performance of SAGE medium to that of other media (Thomson et al., 2010) .
The increase in sperm DNA fragmentation post-cryopreservation, in the infertile group, could be induced by several factors. Among these factors, we can mention the level of sperm chromatin stability pre-freezing. Particularly, several authors denoted a higher sperm DNA fragmentation post-thawing in infertile patients compared to fertile patients (Centola et al., 1992; Gos alvez et al., 2011) . This significant difference would be related to inappropriate sperm DNA packaging in infertile subjects (Gos alvez et al., 2011) . In the present study, a significant positive correlation was found between the DFI pre-freezing and post-freezing in the infertile group, independently of the cryopreservation media type. This finding could be due to the fact that the selected ejaculates were collected from infertile patients that could have unstable sperm chromatin (Choucair et al., 2016) . Furthermore, osmotic changes during freezing-thawing procedure could be another possible factor leading to sperm DNA fragmentation. It was demonstrated that sperm tail coiling could be displayed post-thaw due to osmotic challenges (Ozkavukcu et al., 2008; G omez-Torres et al., 2017) , and flagella coiling was shown to be positively correlated with sperm DNA fragmentation (Parvanov et al., 2017) . Given the background, we reported a significant positive correlation, in the infertile group, between the percentage of spermatozoa with coiled tail and DFI postthawing in Cook Medical medium, Origio medium, and Life Global medium. In addition to the above-mentioned factors, the generation of reactive oxygen species (ROS) during the cryopreservation procedure (Wang et al., 1997; Chatterjee & Gagnon, 2001) , and the absence of a strong antioxidant system in the surrounding medium (Lewis et al., 1995) , may lead to an oxidative stress. On one hand, the oxidative stress may attack the sperm plasma membrane causing loss of fluidity and thus loss of motility (Taylor et al., 2009) . On the other hand, high concentration of ROS may induce lipid peroxidation, generating intracellular lipid peroxides, which are able to produce sperm DNA fragmentation (Badouard et al., 2008) . From this angle, we found a significant negative correlation between cryosurvival factor and DFI postthaw in Cook Medical medium. These findings could be explained by the antioxidant capacity reduction in the semen of infertile men and in this cryomedium. Moreover, egg yolk has been proposed to play a role as an efficient ROS scavenger (Chatterjee & Gagnon, 2001 ). This could explain why TYB medium (Irvine scientific) had the higher cryosurvival rate and the lower sperm DFI compared to Cook Medical.
CONCLUSION
Cryopreservation is an important component of fertility management worldwide, whether it is applied as a preservation measure or used in assisted reproduction technologies. Our study is a first comparative report between the five chosen sperm cryopreservation media types. We showed that there was a reduction in sperm motility and morphology, directly after adding the cryoprotectants, independently of the cryomedia type. Also, we demonstrated that there are no single cryopreservation media providing a full protection of spermatozoa derived from infertile participants. Hence, the recovery rate of competent spermatozoa is still critical in infertile men, with debatable reports considering the ultimate composition of the cryopreservation medium. Thus, new trends are being explored for improving sperm cryopreservation and new components as antioxidants have been demonstrated to be beneficial for sperm recovery after freezing and should be added to the freezing media (Li et al., 2007; Taylor et al., 2009; Martinez-Soto et al., 2010; Gadea et al., 2011; Amidi et al., 2016) . Moreover, there is no consistency in the literature concerning the effect of sperm cryopreservation on ICSI outcomes, such as fertilization rates, implantation rates and live birth rates (Kuczy nski et al., 2001; Borges et al., 2007; Eastick et al., 2017; Schachter-Safrai et al., 2017) . Altogether, these data indicated that frozen semen sample should be used only when necessary, and always favour fresh spermatozoa.
